I. Introduction
An intense solar microwave millisecond spike emission (SMMSE) event has been observed on May 16, 1981
by Zhao and Jin at Beijing Observatory (o_ = 27r x 2.84 GHz)tU. The peak flux density of the spikes is high to 5 x 105 s.f.u., and the corresponding brightness temperature (BT) reaches -10 '5 K.
In order to explain the observed properties of SMMSE, we propose in this paper that a beam of electrons with energy of tens kev injected from the acceleration region downwards into an emerging magnetic arch forms so-called hollow beam distribution and causes electron-cyclotron maser (ECM) instability. The growth rate of second harmonic X-mode is calculated and its change with time is deduced. It is shown that the saturation time of ECM is ts _-0.42 ms and only at last short stage (At < 0.2 ts) the growth rate decreases to zero rather rapidly. So a SMMSE with very high BT (T b > 10 '5 K) will be produced if the ratio of number density of nonthermal electrons to that of background electrons, ns/n e, is larger than 4 × 10-L
II. Model and Excitation of X-mode
If the induced electric field is larger than the Dreicer field, it will be able to accelerate electrons along the field to energy of tens kev in one millisecond. The injected electrons with a large pitch angle gyrate around the magnetic field B and form so-called hollow beam distribution (Fig. 1 ) as fol- 
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where .y = (1 -(v_ + v,,2)/c2) -_, D(t, vl ,v,,) is the diffusion coefficient and 8"C the wave spectral density. Let
we can rewrite Eq. (3) as
v1 a vI vi a v---_ then obtain the distribution for t > 0 (i.e. t > 0). and Eqs. (4)- (6), we obtain the change of oJ_ 2) with r ( Fig. 2a) and then with time t (Fig. 2b) , which gives the saturation time of ECM ts (¢ = rs) corresponding to o_12_= 0. We have ts _ 0.42 ms and find out that o_2) almost doesn't change until t _-0.8 ts and only at last short stage (At < 0.2 ts) it decreases to zero rapidly. In addition we have obtained the following relations
where W(ts) and W o are the saturation and initial energy density of the wave, respectively, C0io is the initial growth rate and K* = _0/c cosa.
The above calculation is rather complicated.
For simplicity we give an evaluation for saturation value z s.
Taking only the part of distribution (1) containing vl A = dt v, we have 
IV. Gyroresonance Absorption and BT of Radiation
The gyroresonance absorption (GA) is a serious problem for maser radiation. The optical depth of the mth layer (m _> 2) for x-mode is 141
with LB=BId._LI-'. Forto= 27r x 2.84 GHz and m =3 we have
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Because L B > 1000 km in general, an intense maser radiation (T b > 1014K) can hardly be received unless T e < 2 × 106K and C0p/t0 < 0.1
It seems possible, however, that some magnetic arches with smaller dimension and higher magnitude may emerge from an active region where the magnetic configuration is more complicated, then it may be true that L B < 1000 km (e.g. L B = 500 km) at larger angle to "I]and the third GA will be weaker, so the radiation may escape from the corona.
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The BT (Tb) and flux density (S) received are
where W is the energy density of the wave, R = 1.5 x l0 _3 cm is the distance between the Sun and the It has been shown that ECM is an effective mechanism to produce electromagnetic radiation. Its BT may be higher than 10 _5 K and it can escape from the solar corona without any transformation.
The simple procedure, high ¢fficiency, short time scale, strong directivity of radiation, and high degree of circular polarization are its advantages over the plasma radiation mechanism to explain SMMSE. It is calculated in this paper that It is shown that the range of pitch angle _ for exciting ECM is very wide (> 30°, see Fig. 3 ) and the energy of nonthermal electrons may be from -10 keV to 100 keV or higher. Besides the hollow beam distribution, other velocity anisotropy as a loss-cone distribution can also excite ECM under appropriate conditions.
Hence it seems that ECM is often produced above solar active regions. The main reasons why there appear rarely intense SMMSE events may be due to the powerful directivity of radiation and strong third GA.
It is easy to see from Eq. (7) and Fig. 4 that with the evolution of the energetic electron's distribution, the transverse velocity component of them is decreased but the parallel one isn't. As a result, the pitch angle is getting smaller, so the electrons, after losing most of their transverse energy, get through the magnetic mirror points and rush into the transition region to produce hard X-ray bursts, so with which the SMMSE correlate very well I61.
